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ABSTRACT

A magnetic squeeze film damper system comprises a bearing assembly having an outer
race with a first outer surface and a first inner surface and a bearing located along the first inner
surface. The system further comprises a squeeze film damper housing having a second outer
surface and a second inner surface that is contiguous with the first outer surface. A channel
having a forward end and an aft end is defined within the housing along the second inner surface,
the channel bordered by the first outer surface. The system further includes a first seal gland
located along the forward end of the channel and a second seal gland located along the aft end of
the channel. Both seal glands comprise a reservoir for holding a magneto-rheological fluid, the
reservoir encased in an elastomer. At least one electromagnet is arranged in close proximity to

each of the seal glands.
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MAGNETIC SQUEEZE FILM DAMPER SYSTEM
FOR A GAS TURBINE ENGINE

Background

[1] The present disclosure relates to devices and systems to address stability and vibration
Issues associated with high-speed rotating turbomachinery. More patiicularly, the present
disclosure relates to devices and systems for addressing stability and vibration issues associated
with gas turbine engines used in aircrafts, for example.

2] In gas turbine engines, maintaining operational clearances between the tips of rotating
blades and the engine static structure and controlling vibration generated by the high speed
rotating components are design critical factors in gas turbine engine development. Maintaining
operational clearances between the tips of rotating blades and the static structure of the engine to
reduce air leakage past the rotating blades impacts the thermodynamic efficiency and specific
fuel consumption (SFC) of the engine.

[3] Further, gas turbine engine shaft dynamics are critical, including the placement of shaft
critical speed in the optimal frequency range and the rotor response to imbalance and transient
excursions through critical speeds. The critical speed is usually controlled by adjusting the
stiffness/flexibility of various components of the gas turbine engine, such as, for example, the
shaft or shafts, the bearings, and the support structures. Moreover, rotating shafts in gas turbine
engines can become abnormally unbalanced while operating. For example, a high pressure

turbine shaft can become abnormally unbalanced after a turbine blade failure.

LWA11324 Page 1



CA 02937018 2016-07-25

[4] Shaft response to imbalance and transient critical speed operation (i.e., vibration
response) are controlled via damping. In gas turbine engines, damping and stiffness control are
typically achieved using hydraulic devices such as squeeze film dampers (SFD). In a gas turbine

engine, the SFDs work in co unction with and are typically contiguous with the various bearing
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systems that support the rotating shafts of the engine. A squeeze film damper achieves both
stiffness and damping by virtue of the whirl motion of the shaft acting on the oil filled annulus
(cavity) ofthe SFD.

[5] However, both the stiffness and the damping coefficient achieved by typical SFDs are
non-linear with respect to the orbital displacement of the shaft. Also, the stiffness and damping
coefficients are linked such that a modification to one impacts the other. Because current SFD
systems do not provide for variable control during operation, they are not able to precisely locate
and control response to critical speeds, since stiftness and damping are varied along with whirl
displacement. Thus, a SFD/bearing assembly is designed to cover the widest range of operating
conditions for a particular engine.

[6] A SFD that offers varied control would provide improved rotor tip clearance control
during maneuver loading situations by limiting how far the bearing can move radially. Further,
varied control damping will help keep tip clearances tight and reduce air leakage past the rotor
blades resulting in improved specific fuel consumption. There remains a need to improve
sealing of the SFD cavity to improve the reliability and consistency of the damping
characteristics of the SFD system.

Summary of Invention

[7] The magnetic squeeze film damper system of the present disclosure comprises a bearing
assembly having an outer race with a first outer surface and a first inner surface. The bearing
assembly includes a bearing located along the first inner surface. The magnetic squeeze film
damper system of the present disclosure further comprises a squeeze tilm damper housing, which
includes a second outer surface and a second inner surface. The second inner surface of the

housing is contiguous with the first outer surface of the bearing outer race. A channel for
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flowing a fluid is defined within the housing along the second inner surface, the channel
bordered by the first outer surface of the bearing outer race. The channel further includes a
forward end and an aft end.

[8] The magnetic squeeze film damper system of the present disclosure further
includes a first seal gland located along the forward end of the channel and a second seal
gland located along the aft end of the channel. The first seal gland scals the forward end of
the channel and the second seal gland seals the aft end of the channel. The first seal gland
comprises a reservoir encased by an elastomer. The reservoir contains a fluid having
suspended metal particles, such as a magneto-theological fluid. The second seal gland also
comprises a reservoir constructed to contain a magneto-rheological fluid. At least one
electromagnet is arranged in close proximity to cach of the secal glands. The magnetic
squeeze film damper system of the present disclosure also includes an electronic control
system, which may include a current generator and various sensors to generate varied
current to energize the electromagnets.

[8a] Some embodiments disclosed herein provide a magnetic squeeze film damper
system comprising: a bearing assembly having an outer race with a first outer surface and
a first inner surface; at least one bearing located along the first inner surface; a squeeze
film damper housing having a second outer surface and a second inner surface, the second
inner surface contiguous with the first outer surface; a channel for flowing a fluid, the
channel defined within the squeeze film damper housing at the second inner surface
between the squeeze film damper housing and the first outer surface of the outer race, the
channel recessed within the second inner surface and having a forward end and an aft end
between contiguous portions of the second inner surface and first outer surface; a first seal
gland recessed within the second inner surface and disposed between the squeeze film
damper housing and the outer race for sealing the channel forward end and a second scal
gland recessed within the second inner surface and disposed between the squeeze film
damper housing and the outer race for sealing the channel aft end; the first seal gland
comprising a reservoir surrounded by an clastomer, the reservoir containing a magneto-
rheological fluid; and an electromagnet arranged in close proximity to the first seal gland,
whereby when the clectromagnet is energized the viscosity of the rheological fluid is

varied such that the stiffness of the first seal gland is altered.
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[8b] Some embodiments disclosed hercin provide a gas turbine engine comprising: a
low pressure compressor; an engine core located aft of the low pressure compressor; a low
pressure turbine located aft of the engine core; at least one shaft rotatable around a
centerline of the engine core; at least one bearing assembly mounted to support the at least
one shaft; the bearing assembly comprising an outer race with a first outer surface and a
first inner surface; at least one bearing located along the first inner surface; a squeeze film
damper housing having a second outer surface and a second inner surface, the second inner
surface contiguous with the first outer surface; a channel for flowing a fluid, the channel
defined within the squecze film damper housing along the second inner surface and
bordered by the first outer surface, the channel recessed within the second inner surface
and having a forward end and an aft end between contiguous portions of the second inner
surface and first outer surface; a first seal gland recessed within the second inner surface
for sealing the channel forward end and a second seal gland recessed within the second
inner surface for sealing the channel aft end; the first seal gland and the second seal gland
each comprising a reservoir swrrounded by an clastomer, the reservoir containing a
magneto-theological fluid; and an electromagnet arranged in close proximity to the first
seal gland, whereby when the electromagnet is energized the viscosity of the rheological
fluid is varied such that the stiffness of the first seal gland is altered.

[8c] Some embodiments disclosed herein provide an improved vibration damper
system in combination with a gas turbine engine, the combination comprising: a gas
turbine engine comprising and engine case surrounding a low pressure compressor, an
engine core and a low pressure turbine, at least one shaft rotatable around a centerline of
the engine core and at least one bearing assembly for supporting the at least one shaft; and
a magnetic squeeze film damper system arranged in close proximity to the at least one
bearing assembly, the magnetic squeeze film damper system comprising a housing, an
annular channel for enclosing flowing engine oil, the annular channel defined within the
housing along an inner surface of the housing and bordered by an outer race of the at least
one bearing assembly, the annular channel recessed within the inner surface of the housing
and further comprising a forward end and an aft end between contiguous portions of the
inner surface and the outer race, the magnetic squeeze film damper further comprising a
first seal gland and a second seal gland each recessed within the inner surface of the
housing, the first and second seal gland each comprising a reservoir surrounded by an

clastomer, the reservoir containing a magneto-theological fluid, the first seal gland

4a
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forming a seal for the forward end and the second seal gland forming a seal for the aft end,
an electromagnet arranged in close proximity to the first seal gland and an clectromagnet

arranged in close proximity to the second seal gland.

4b
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Deseripti f the Fi
9] FIG. 1 is a cross section of one aspect of the present disclosure showing a magnetic
squeeze film damper/bearing assembly supporting a shaft of a gas turbine engine.

[10] FIG. 2 is an enlarged cross section of the relevant structure of the magnetic squeeze film
damper/bearing assembly of FIG. 1.

[11] FIG. 3is a cross section of a two spool gas turbine engine incorporating the bearing
assembly of FIGS.1-2.

[12] FIG. 4 is a cross section of a three spool gas turbine engine incorporating the bearing
assembly of FIGS. 1-2.

[13] FIG. 5 is a diagram of one aspect of the present disclosure showing one embodiment of

an electronic control system of the magnetic squeeze film damper.
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Detailed Descrinti

[14] For the purposes of promoting an understanding of the principles of the disclosure,
reference will now be made to the embodiments illustrated in the drawings and described in the
following written specification. It is understood that no limitation to the scope of the disclosure
is thereby intended. It is further understood that the present disclosure includes any alterations
and modifications to the illustrated embodiments and includes further applications of the
principles disclosed herein as would normally occur to one skilled in the art to which this
disclosure pertains.

[15] Referring to FIG. 1 and FIG. 2, a non-limiting embodiment of the present invention is
depicted. One embodiment of the present invention includes a bearing assembly 10 having an
outer race 20. The outer race 20 includes a first outer surface 30 and a first inner surface 40.
The bearing assembly includes at least one bearing 60 located along the first inner surface 40.
The at least one bearing can be any type of bearing suitable for use in a gas turbine engine to
support a rotatable shaft of the engine. Such bearings can include roller bearings or ball bearings
for radial load and thrust load applications or any other bearing configuration suitable, as would
be understood by one of ordinary skill in the art.

[16] The embodiment further includes a squeeze film damper housing 60. The housing 60
includes a second outer surface 70 and a second inner surface 80. The second inner surface 80 of
the housing 60 is contiguous with the first outer surface 30 of bearing outer race 20. An annular
channel 90 for flowing a fluid is defined within the housing 60 along second inner surface 80, the
channel 90 bordered by the first outer surface 30 of bearing outer race 20. Channel 90 further

includes a forward end 100 and an aft end 110.
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[17] As best seen in FIG. 2, the magnetic squeeze film damper system of the present
embodiment further includes a first seal gland 120 located along the forward end 100 of channel
90. The first seal gland 120 seals the forward end 100 of channel 90. The present embodiment
also includes a second seal gland 130 located along the aft end 110 of channel 90. The second
seal gland 130 seals the aft end 110 of channel 90. The squeeze film damper system, as thus far
described, is configured, as conventional in the art, to provide fluid flow in the channel 90
between the static structure and the shaft bearing assembly 10.

[18] In one aspect of the present disclosure, the first seal gland 120 comprises a reservoir 140
encased by an elastomer 160. The selection of the elastomer will be apparent to one of ordinary
skill based on the particular conditions that the elastomer will be subjected to for a particular
engine. Such particular conditions include, for example, the temperature range that the elastomer
will experience.

[19] The reservoir 140 contains a fluid having suspended metal particles, such as a magneto-
rheological fluid 170. The second seal gland 130 also comprises a reservoir 150 encased by an
elastomer 160. The reservoir 150 also contains a fluid 170 with suspended metal particles, such
as a magneto-rheological fluid. The seal glands' reservoirs 140/150, with the suspended metal
particles, are completely sealed. Further, the seal glands will have a characteristic stiffness as a
result of the particular elastomer used and the magneto-rheological fluid within the sealed
reservmrs.

[20]  The present embodiment includes an electromagnet 180 arranged in close proximity to
the first seal gland 120. A single electromagnet or multiple electromagnets fall within the scope
of the present invention, with the appropriate number determined based on the requirements of

the specific engine environment as would be understood by one of ordinary skill. Similarly, a
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second electromagnet 190 (or electromagnets) is arranged in close proximity to the second seal
gland 130.

[21] Once energized, the electromagnets generate a magnetic field that varies according to
the varied current used to energize the electromagnets. The magnetic field generated by the
energized electromagnets affects the suspended metal particles in the magneto-rheological fluid
thereby altering the viscosity of the magneto-rheological fluid. Altering the viscosity of the
magneto-rheological fluid changes the stiffness of the seal glands and the stiffness of the overall
SFD system in proportion to the strength of the magnetic field. Thus, varying the strength of the
magnetic field achieves controlled variable damping of shaft vibration or damping shaft axial
and/or radial movement to acceptable levels. Such varied control is not currently feasible with
standard SFD systems.

[22] The magnetic squeeze film damper is suitable for use with any configuration of gas
turbine engine, including single shaft and multiple shaft versions. Referring now to FIG. 3, a
cross section of a twin spool (two shaft) turbofan gas turbine engine 200 is shown. Gas turbine
engine 200 comprises a low pressure spool and a high pressure spool. The low pressure spool
includes fan 210, which is the first stage of low pressure compressor 220 and a low pressure
turbine 260. The low pressure compressor 220 is connected to the low pressure turbine 260 by
an inner shaft 270, which rotates about a centerline 280 of gas turbine engine 200.

[23]  The high pressure spool is located between the low pressure compressor 220 and the low
pressure turbine 260. It includes a high pressure compressor 290 connected to a high pressure
turbine 300 by outer shaft 310. Outer shaft 310 also rotates about centerline 280, but rotates
independently from inner shaft 270. Combustors 320 are located between high pressure

compressor 290 and high pressure turbine 300. The high pressure compressor 290, combustors
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320 and high pressure turbine 300 make up the engine core 330 of gas turbine engine 200. The
magnetic squeeze film damper system of the present invention can be located at any point along
the shafts 270/310 of gas turbine engine 200 where bearings are located to support said shafts.
Location 340 in FIG 3 is but one example of a suitable location for a magnetic squeeze film
damper system.

[24] Referring now to FIG. 4, a three spool (three shaft) gas turbine engine is shown as
another configuration of gas turbine engine where the magnetic squeeze film damper system may
be used. Gas turbine engine 400 includes fan 410 connected to low pressure turbine 500 by inner
shaft 510. Inner shaft 510 rotates about engine centerline 405. The fan 410, low pressure turbine
500 and inner shaft 510 comprise the low pressure spool.

[25] The intermediate spool is located between the fan 410 and the low pressure turbine 500.
It includes intermediate pressure compressor 420 and intermediate pressure turbine 480, which
are connected by intermediate shaft 520. Intermediate shaft 520 is rotatable about centerline 405
and rotates independently from inner shaft 510.

[26] The high pressure spool is located between the intermediate pressure compressor 420 and
the intermediate pressure turbine 480. It includes the high pressure compressor 430 and the high
pressure turbine 460. The high pressure compressor 430 is connected to the high pressure
turbine 460 by outer shaft 530. Outer shaft 530 is rotatable about centerline 405 and is
independent of inner shaft 510 and intermediate shaft 520.

[27] The magnetic squeeze film damper system of the present invention can be located at any
point along the coaxial shafts 510/520/530 of gas turbine engine 400 where bearings are located
to support said shafts. Location 540 in FIG 4 is but one example of a suitable location for a

magnetic squeeze film damper system for the three spool gas turbine engine 400.
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[28]  An electronic control system, which may include a current generator and various sensors,
is provided to generate varied current to energize the electromagnets and produce a varied
magnetic field in proportion to the current. Referring now to FIG. 5, one potential embodiment
of a control system 600 may include one or more speed sensors 610 connected to an electronic
control unit (ECU) 620. The ECU 620 is also connected to and controls the output of a current
generator 630. The current generator is connected to the at least one electromagnets 180/190.
The electronic control system 600 also includes power source (not shown).

[29] In operation, the ECU 620 monitors the one or more speed sensor(s) 610. As the engine
shaft reaches known modes of a super critical shaft speed, the ECU 620 receives a corresponding
signal from the one or more speed sensor(s) and sends a corresponding command to the current
generator 630. In response to the command ofthe ECU 620, current generator 630 generates the
appropriate current to energize the at least one electromagnet 180/190 to produce the
electromagnetic field strength necessary to effect the appropriate viscosity change in the
magneto-rheological fluid to alter the stiffness of the seal glands, thus providing the required
damping as the shaft passes through a super critical mode.

[30] In another embodiment, the control system may also include a g-force type sensor to
monitor the g-forces experienced by the aircraft. When the aircraft is subjected to extreme g-
forces, such as when the aircraft is in a high g-force maneuver, the high g-forces could push the
turbine rotor off center. In this embodiment, the ECU would recognize when the aircraft was in
a high g-force maneuver via a signal from the one or more g-force sensors. The ECU will send a
corresponding command to the current generator to generate the appropriate current to energize

the at least one electromagnet to produce the appropriate magnetic field to adjust the viscosity of
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the magneto-rheological fluid to increase the bearing system stiffness; thereby, limiting radial
displacement of the turbine rotor attached to the shaft system.

[31] Note, the scope of the control system is not limited by the examples set forth herein. One
of ordinary skill in the art would understand that many variations of a control system are suitable
and would depend on the particular application of the invention to a particular engine
configuration. For example, the scope of the present disclosure includes control systems
utilizing more than one type of sensor for any particular application as would be understood by
one of ordinary skill. Sensors, such as speed sensors, g-force sensors and gap measuring sensors
can be used individually or in combination as appropriate.

[32] In operation, the magnetic squeeze film damper system provides variable controlled
damping that supplements the damping capabilities of the SFD alone. This supplementation will
most notably occur during transient operating conditions, such as operating through shaft critical
speeds. Moreover, the additional damping capabilities of the magnetic squeeze film damper
provide additional controlled variable damping during conditions of excessive levels of steady
state synchronous vibration.

[33] It should be understood that relative positional terms such as "aft" and "forward" and the
like are with reference to the normal operational attitude of the vehicle in which the gas turbine
engine is installed and should not be considered otherwise limiting.

[34] The present invention has been described in an illustrative manner. It is to be understood
that the terminology that has been employed herein is intended to be in the nature of words of
description rather than word of limitation. While there have been described herein, what are
considered to be preferred and exemplary embodiments of the present invention, other

modifications of the invention shall be apparent to those skilled in the art from the teachings
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herein and, it is, therefore, desired to be secured in the appended claims all such modification as

fall within the true spirit and scope of the invention.
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CLAIMS:
1. A magnetic squeeze film damper system comprising:

a bearing assembly having an outer race with a first outer surface and a first

inner surface;
at least one bearing located along the first inner surface;

a squeeze film damper housing having a second outer surface and a second

inner surface, the second inner surface contiguous with the first outer surface;

a channel for flowing a fluid, the channel defined within the squeeze film
damper housing at the second inner surface between the squeeze film damper housing and
the first outer surface of the outer race, the channel recessed within the second inner
surface and having a forward end and an aft end between contiguous portions of the

second inner surface and first outer surface;

a first seal gland recessed within the second inner surface and disposed
between the squeeze film damper housing and the outer race for sealing the channel
forward end and a second seal gland recessed within the second inner surface and disposed
between the squeeze film damper housing and the outer race for sealing the channel aft

end;

the first seal gland comprising a reservoir surrounded by an elastomer, the

reservoir containing a magneto-rtheological fluid; and

an electromagnet arranged in close proximity to the first seal gland,
whereby when the clectromagnet is energized the viscosity of the rheological fluid is

varied such that the stiffness of the first seal gland is altered.

2. The magnetic squeeze film damper system of claim 1 wherein the fluid is
engine oil.
3. The magnetic squeeze film damper system of claim 1 further comprising a

second seal gland having a reservoir surrounded by an elastomer, the reservoir containing

a magneto-theological fluid and a second electromagnet arranged in close proximity to the

13
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second seal gland whereby when the second electromagnet is energized the viscosity of the

rheological fluid is varied such that stiffness of the second seal gland is altered.

4. The magnetic squeeze film damper system of claim 3 further comprising an
electronic control system operable to provide a variable current to the electromagnet such
that the viscosity of the magneto-theological fluid is altered as a function of the variable

current.

5. The magnetic squeeze film damper system of claim 4 wherein the

electronic control system includes at least one sensor for sensing speed of a rotating shaft.

6. The magnetic squeeze film damper system of claim 1 wherein the at least

one bearing comprises at least one roller bearing.

7. The magnetic squeeze film damper system of claim 1 wherein the at least

one bearing comprises at least one thrust bearing.
8. A gas turbine engine comprising:
a low pressure compressor;
an engine core located aft of the low pressure compressor;
a low pressure turbine located aft of the engine core;
at least one shaft rotatable around a centerline of the engine core;
at least one bearing assembly mounted to support the at Ieast one shaft;

the bearing assembly comprising an outer race with a first outer surface and

a first inner surface;
at least one bearing located along the first inner surface;

a squeeze film damper housing having a second outer surface and a second

inner surface, the second inner surface contiguous with the first outer surface;

a channel for flowing a fluid, the channel defined within the squeeze film

damper housing along the second inner surface and bordered by the first outer surface, the

14
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channel recessed within the second inner surface and having a forward end and an aft end

between contiguous portions of the second inner surface and first outer surface;

a first seal gland recessed within the second inner surface for sealing the
channel forward end and a second seal gland recessed within the second inner surface for

sealing the channel aft end;

the first seal gland and the second seal gland each comprising a reservoir

surrounded by an elastomer, the reservoir containing a magneto-rheological fluid; and

an electromagnet arranged in close proximity to the first seal gland,
whereby when the clectromagnet is energized the viscosity of the rheological fluid is

varied such that the stiffness of the first seal gland is altered.
9. The gas turbine engine of claim 8 wherein the fluid is engine oil.

10. The gas turbine engine of claim 8 further comprising an electronic control
system operable to provide a variable current to the electromagnet such that the viscosity

of the magneto-rheological fluid is altered as a function of the variable current.

11 The gas turbine engine of claim 10 wherein a second electromagnet is
arranged in close proximity to the second seal gland, and wherein the electronic control
provides a current to the second clectromagnet for altering the viscosity of the magneto-

rheological fluid in the second seal gland.

12. The gas turbine engine of claim 11 wherein the electronic control system

includes at least one sensor for sensing speed of the shaft.

13. The gas turbine engine of claim 8 wherein the at least one bearing is at least

one roller bearing.

14. The gas turbine engine of claim 8 wherein the at least one bearing is at least

one ball bearing.

15. An improved vibration damper system in combination with a gas turbine

engine, the combination comprising:

15
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a gas turbine engine comprising and engine case surrounding a low pressure
compressor, an engine core and a low pressure turbine, at least one shaft rotatable around a
centerline of the engine core and at least one bearing assembly for supporting the at lcast

one shaft; and

a magnetic squecze film damper system arranged in close proximity to the
at least one bearing assembly, the magnetic squeeze film damper system comprising a
housing, an annular channel for enclosing flowing engine oil, the annular channel defined
within the housing along an inner surface of the housing and bordered by an outer race of
the at least one bearing assembly, the annular channel recessed within the inner surface of
the housing and further comprising a forward end and an aft end between contiguous
portions of the inner surface and the outer race, the magnetic squeeze film damper further
comprising a first seal gland and a second seal gland each recessed within the inner surface
of the housing, the first and second seal gland each comprising a reservoir surrounded by
an clastomer, the reservoir containing a magneto-rheological fluid, the first seal gland
forming a seal for the forward end and the second seal gland forming a scal for the aft end,
an electromagnet arranged in close proximity to the first seal gland and an clectromagnet

arranged in close proximity to the second seal gland.

16. The combination of claim 15 wherein the magnetic squeeze film damper
system further includes an electronic control system for supplying current to the
electromagnets such that when the current is varied the stiffness of the seal glands are

altered in proportion to the strength of the current.

17. The combination of claim 16 wherein the electronic control system further
includes an electronic control unit connected to a current generator and to at least one
sensor, the current generator further connected to the electromagnets wherein a signal from
the at least one sensor prompts the clectronic control unit to command the current
generator to send a current to the electromagnets to produce a magnetic ficld proportional

to the current.

18. The combination of claim 17 wherein the at least one sensor is selected
from a group of sensors comprising a speed sensor, a g-force sensor and a gap measuring

SEnsor.

16
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19. The combination of claim 15 wherein the at least one bearing comprises a
roller bearing.
20. The combination of claim 15 wherein the at least one bearing comprises a
ball bearing.

17
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